Abstract. The Upper Blue Nile River Basin (UBNRB) is confronted by land degradation problems,
4
(2011) also modeled the Upper Blue Nile where an interesting water balance analysis was done and 5 monthly streamflows for several sub-catchments were modeled. However, most of the studies at large 6 scale in the UBNRB do not provide detailed values for the each of the water balance components of the 7 basin. Another important issue when setting up SWAT models is regarding the right number of sub-8 basins, because the number of meteorological stations to be used by SWAT will depend on the number 9 of sub-basins. For instance, if two stations are located within one sub-basin, SWAT will choose the 10 station nearest to the center of the sub-basin, the other station will be disregarded. But if more sub-
11
basins are created in a model, and these two stations lie in different sub-basins then both stations will 12 be considered by SWAT, which provides different water balance results.
13
Therefore, the first objective of this study has been the comparison of different weather datasets at 14 large scale and under different sub-basin discretization levels. Two models were created using different . Additionally, the used CFSR stations were compared with conventionally measured data.
28
Based on the obtained statistical results, the integration of these two datasets provides better models 
32
After a hydrological model has been setup, a critical point to determine its quality is the water balance.
33
Therefore, in addition to graphical assessments, other statistical indicators as Nash-Sutcliffe coefficient
34
(NS), percent bias (PBIAS), and ratio of the root-mean-square error (RSR) to the standard deviation of 
31
For the analysis of the quality of the SWAT models, monthly flow discharge data and 32 evapotranspiration data were used. The flow discharge data was obtained from the Ministry of Water,
33
Irrigation and Electricity of Ethiopia and corresponds to the gauging stations at Kessie and Eldiem at 34 the main stream of the UBNRB (Figure 3 12 13
16
where SWt is the final soil water content (mm), SW0 is the initial soil water content on day i
17
(mm), Rday is the amount of rainfall on day i (mm), Qsurf is the amount of surface runoff on day i (mm), zone from the soil profile on day i (mm), and Qgw is the amount of return flow on day i (mm).
20
SWAT can estimate the evapotranspiration using several methods, from which Hargreaves and calculates the potential evapotranspiration using minimum and maximum daily temperature as input 
29
and to form an integrated dataset.
31
In the first case, the ground dataset was used without alterations to create the SWAT models. This 32 ground dataset obtained from the NMA corresponds to 42 stations in the UBNRB, where most of the For the second case, the SWAT models were setup using the CFSR dataset, also without alterations.
1
This dataset is evenly distributed at 38 km resolution, with over 100 stations available for the UBNRB,
2
and is temporally continuous. Alemketema and Adet ( Figure 5A , 5B, and Figure 6A , 6B), showed the underestimation of the CFSR 10 rainfall at the eastern region; and Ayehu ( Figure 5C and Figure 6C ) showed the overestimation of the 
25
Therefore, these two datasets were integrated to form a third input dataset for SWAT with the objective 
7
Therefore, the simulation starts assuming large and physically meaningful parameter ranges, so that the 8 measure data falls within the 95PPU, and continuously decreases the ranges of the 95PPU and 9
produces better results. The final 95PPU is the 95% of the observed data captured within the final 10 95PPU band, which is defined by the final parameters intervals. Therefore, the best simulation is the 11 best iteration within the 95PPU, and considering that is difficult to claim a specific parameter range for 
27
The coefficient of determination (R 
10

Actual evapotranspiration analysis
12
Additional to the calibration and validation of the SWAT models with flow discharge, comparisons
13
with evapotranspiration data could also provide more details to quantify the reliability of hydrological 14 models. Therefore, actual evapotranspiration data for the UBNRB was obtained from the MODIS
15
Global Terrestrial Evapotranspiration Project (MOD16). This is a global estimated data from land 16 surface by using satellite remote sensing data. This data is intended to be used to calculate regional 10 11
SWAT Error Index (SEI)
13
A common problem of hydrological models is the 31 32
) 33 Equation (8) basins distribution. The water balance analysis was done for two calibrated stations, three datasets, and
23
two different sub-basins distributions. Water balance results for the UBNRB and also the values for the 24 different hydrological processes and models are given in Table 3 , values for these hydrological
25
processes from literature are also given in 
15
in magnitude and distribution, the parameterization for the calibration of the models will be different.
16
Therefore, in order to meet good R 2 and NS for the model with a wrong precipitation distribution (in
17
this case the CFSR data), the values of the parameters needed to be modified to unrealistic values.
19
Average annual evapotranspiration and the impact of different data sources and PET
methods
22
The evapotranspiration has been another critical factor subject to analysis in this study. Depending on In the first case, SEI results for the Eldiem station (Table 5) showed that the behavior and capability of of the discharge data is, the value for evapotranspiration tends to increase. This is because the flow 6 discharge data is being matched, however the evapotranspiration increases and tends to overestimate Table 6 ).
20
SEI showed better values than those obtained from the first test done in the whole UBNRB. The CFSR
21
dataset provided better R² and NS values than the Ground dataset for the evapotranspiration analysis, however the Ground dataset performed better during the calibration with outflow data (Table 6 ). SEI
23
values for both datasets were 0.16, a much better value that those obtained in the first test (Table 5) .
24
This second test provides a better understanding of how SEI works, it also proved how using reliable 25 evapotranspiration data can improve the SEI values.
27 4 Conclusions
29
Two weather data sources: CFSR and an observed ground dataset were analyzed in terms of statistical 30 results, water balance and precipitation distribution in the UBNRB. After detecting their limitations 31 and disadvantages, an integration of both datasets was proposed with the purpose of overcoming their 32 uncertainties and limitations. This data integration method could effectively be used in the UBNRB to 33 create better models and could also be applied in other watersheds where observed data is limited and 34 incomplete. However, data analyses and tests should always be performed before performing an
35
integration for other watersheds. Despite its limitations, the CFSR datasets continuous to be an 36 important source that can be very useful in regions where conventional measured data is not available.
38
A comparison of the three datasets under different discretization levels was also performed. This 
4
The comparison of the results of SWAT30 demonstrates that the values for the total annual average 5 precipitation at Eldiem are similar for the three datasets. Nevertheless, only the model using the CFSR 6 dataset was not able to achieve good water balance results under similar parameterization. The quality
7
of the CFSR rainfall data is not reliable for the UBNRB, although this case cannot be generalized for 8 other watersheds in the globe. However this dataset needs to be equally verified in other watersheds 9 before using it. For the second case, the three datasets were analyzed in more details using SWAT87, and although an exact number of the correct precipitation amounts in the UBNRB cannot be given,
11
CFSR data showed an overestimation of the rainfall and also a wrong precipitation distribution 12 compared to the other datasets. Although further comparisons under more discretization levels were not 13 done, results in this study showed that 87 is a suitable number of sub-basin for the UBNRB.
15
Furthermore, the SWAT Error Index (SEI) has shown to be an useful additional tool to express the 16 level of error of SWAT models. SEI was tested in two locations, being the second case done at the evapotranspiration data. SEI also showed that the integrated dataset successfully achieved better and 
23
Therefore, this model is more suitable to perform several types of hydrological analyses and propose
24
watershed management practices in the UBNRB.
26
Although further improvements must done in the methods proposed in this study, the integration of 27 datasets, the sub-basin delineation and the application of the SEI, are important approaches that can be 28 applied in other watersheds and can significantly help to develop better hydrological models. 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 55 56 
